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Abstract
Predation is an unavoidable and dangerous fact in the lifetime of prey animals and some sign of the proximity of a predator may
be enough to trigger a response in the prey. We investigated whether different degrees of predation risk by red foxes (Vulpes
vulpes) evoke behavioural and physiological stress responses in woodmice (Apodemus sylvaticus).We examined the variation in
mice responses due to individual factors (sex and reproductive status) and related them to the concentration of the volatile
compounds from fox faeces over time. In our experiment, we introduced predation cues into four plots, each subjected to a
different concentration treatment (0, 10, 50 and 100% concentration of fresh faeces of red fox), based on the following outline:
initial odourless phase 0, phase1 in which predation treatment was renewed daily, and phase 2 in which we renewed the treatment
only on the first day. Wood mice were live trapped during all three phases and the physiological response was measured non-
invasively by analysing faecal corticosterone metabolites (FCM) in freshly collected faeces. Data were analysed by Generalized
LinearMixedModels. Overall, males were trapped less often than females, and reproductively active individuals from both sexes
avoided traps more than non-reproductively active individuals, especially in medium- and high- concentration plots. Variations in
FCM concentrations were explained by plot, the interaction between plot and treatment phase, and the interaction between the
treatment phase and the reproductive status. During phase 1, we detected a significant rise in FCM levels that increased with
predator faecal odour concentration. Additionally, reproductively active individuals showed a strong physiological response
during both phases 1 and 2 in all plots, except the control plot. Our results indicated that wood mice are able to discriminate
different degrees of predation risk, which allows them to trigger gradual changes in their behavioural and physiological stress
responses.
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Introduction

Life is not easy for prey species, which daily face a wide range
of threats and dangers. Among threatening factors, predation

poses a serious risk for small mammals acting directly on prey
ecology by reducing local population density, and also indi-
rectly by shaping prey behaviour, physiology andmorphology
(Lima and Dill 1990; Apfelbach et al. 2005; Yin et al. 2011;
Hegab et al. 2014b; Sánchez-González et al. 2017).
Successful predation usually involves at least five steps: de-
tection, identification, approach, subjugation and consump-
tion (Endler 1986; Sherbrooke 2008; Schmitz et al. 2013).
From a prey’s perspective, avoiding detection by a predator
before a possible encounter is the most important step to avoid
being eaten. Thus, prey species have developed different
mechanisms to prevent primary detection, such as behavioural
changes or morphological defences (Lima 1998; Huffard
2006), but also secondary mechanisms when a predator is
nearby and has already detected its prey (e.g. escape behav-
iours or distasteful flavours) (Huffard 2006; Luttbeg and
Trussell 2013).
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In mammals, auditory, visual and chemosensory signals
play a particularly important role in most intraspecific or in-
terspecific interactions (Gorman 1990), with scent-marking as
one of the main means of exchanging information at night
(Eisenberg and Eisenberg 1981; Macdonald 1985; Kats and
Dill 1998; Wyatt 2003). Further, it has been widely demon-
strated that carnivore-derived scents from urine (Jorgenson
et al. 1978; Barja and de Miguel 2004), faeces (Gese and
Ruff 1997; Hutchings and White 2000; Barja et al. 2011;
Piñeiro and Barja 2012; Barja and List 2014) and odorous
glandular secretions (Albone and Perry 1976; Asa et al.
1985) also induce a broad variety of defensive responses in
small mammals (Dickman and Doncaster 1984; Jędrzejewski
et al. 1993; Yin et al. 2011; Hegab et al. 2014b; Navarro-
Castilla and Barja 2014a; Tortosa et al. 2015). Thus, chemical
cues seem to provide accurate information about when and
where the predator may be a threat, allowing prey to adapt
their responses (Kusch et al. 2004; Mirza et al. 2006).

According to Apfelbach et al. (2005), behavioural re-
sponses seem to be the most common antipredatory de-
fence and they mainly include modifications in prey daily
activities, such as foraging (Verplancke et al. 2010), re-
production (Creel et al. 2007) and use of space (Creel
et al. 2005). For instance, besides reducing the time
invested on foraging, the presence of a possible predator
also changes rodents’ foraging behaviour spatially and/or
temporally (Fenn and Macdonald 1995; Díaz et al. 2005;
Navarro-Castilla et al. 2017a). However, under certain
circumstances, prey animals will also display a physiolog-
ical response to predation pressure (Masini et al. 2005;
Hegab et al. 2014b). Thereby, when an animal is subject-
ed to the presence of a predator, the endocrine stress re-
sponse enhances the activation of the hypothalamic-
pituitary-adrenocortical (HPA) axis, stimulating the secre-
tion of glucocorticoids (cortisol or corticosterone depend-
ing on the species) (Sapolsky et al. 2000; Melmed and
Kleinberg 2003). The increase of glucocorticoids has dif-
ferent effects depending on the duration of exposure to the
stressor. Thereby, short-term stress has been related to an
adaptive response for improving the prey’s fitness
(Wingfield et al. 1998), whereas long-term glucocorticoid
secretion may cause important pathologies (e.g. reproduc-
tive failure, endocrine disruption, suppression of the im-
mune system and/or gastrointestinal ulcerations) (Munck
et al. 1984; Stewart 2003).

The behavioural and physiological changes in the prey’s
life also involve some costs (Lima and Dill 1990); therefore,
the prey should balance daily activities in relation to the risk of
predation perceived in each moment (Lima and Bednekoff
1999; Dielenberg and McGregor 2001; Kavaliers and
Choleris 2001). Recent experimental studies have confirmed
the threat-sensitive predator avoidance hypothesis described
by Helfman (1989). According to this hypothesis, preys are

able to use some predator cue characteristics (e.g. differences
between fresh/old faeces (Hegab et al. 2014a) to evaluate the
situation.

The aim of the present study was to test whether woodmice
(Apodemus sylvaticus) are able to modulate their behavioural
and physiological stress responses according to different de-
grees of predation risk by red fox (Vulpes vulpes). We exam-
ined the variation in both behavioural and physiological re-
sponses due to individual factors, such as sex and mice repro-
ductive status, and related them to concentration and degrada-
tion of the volatile compounds from predator faeces over time.
We predicted that wood mice would show avoidance behav-
iour as well as a physiological response, i.e. an activation of
the HPA axis, in response to an increased concentration of
predator faecal odour. In addition, we predicted a reduction
of these responses with the degradation of volatile faecal com-
pounds over time.

Material and methods

Study area

Field work was performed in Valdelatas (Madrid, Spain), a
Mediterranean forest situated at an altitude of 650 m a.s.l.
The study area is constituted predominantly by dense forests
of holm oak (Quercus ilex ballota) and pine reforestations
(Pinus pinea and Pinus pinaster). Scrubland vegetation was
mostly composed by gum rock roses (Cistus ladanifer),
umbel-flowered sun roses (Halimium umbellatum) and thyme
(Thymus zygis). The selected study area presented a continu-
ous suitable shrub matrix and it was divided into four plots
with similar vegetation cover and height characteristics.
During the experiment, climate was characterised by a mean
rainfall of 0.2 mm and mean temperature was 9.3 °C (www.
opendata.aemet.es). Climatic conditions were the same for the
four plots.

Live-trapping and data collection

To minimise observer bias, blinded methods were used during
the study. Each faecal sample collected was firstly labelled in
the field by two researchers and later on, in the laboratory, it
was newly encoded by a third researcher to protect any infor-
mation regarding its origin. This way, physiological stress
levels were analysed in each faecal sample without knowing
the identity of the individual.

Live-trapping was performed between February and
March 2014. The study area was divided into four plots
35 m apart from each other to avoid capturing the samemouse
in two different plots. In each plot, we placed 20 Sherman®
live traps shaping a 4 × 5 grid with 7 m of distance among
them. All traps were placed under vegetation to buffer extreme
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environmental conditions and they were oriented against the
slope in order to allow correct closing. Total trapping effort
was 2400 traps per night (20 traps per grid × 4 plots × 15
nights × 2 trapping sessions).

The experiment was divided into three different phases:
preliminary (phase 0), phase 1 and phase 2. Each phase took
place during 5 consecutive days. During phase 0, no faecal
odour was brought out in any plot to determine the basal
behavioural and physiological responses of wood mice with-
out red-fox scent. In phase 1, one plot was used as control with
no experimentally added faecal odour and the other three plots
were subjected to increasing concentrations of faecal odour:
10% (low-concentration plot), 50% (medium-concentration
plot) and 100% (high-concentration plot) to simulate different
degrees of predation risk. In this phase, 10 g of faecal material
(see section Simulation of different degrees of predation risk
by faecal odour) was placed outside each trap. Faecal material
was renewed every day at sunset to ensure correct odour ef-
fectiveness at the maximum activity time of mice, i.e. 2 or 4 h
after dusk (Montgomery and Gurnell 1985). Finally, in phase
2, we only brought new faecal material out on the first day, in
order to evaluate the effect of volatile compounds loss over
time. All traps during the three study phases were baited with
4 g of toast corn as a positive stimulus.

Moonlight affects small mammal behaviour (Kaufman and
Kaufman 1982; Díaz 1992; Navarro-Castilla and Barja
2014a); so in order to avoid any potential influence of moon-
light on our experiments, we selected the nearest days to new
moon to carry out our study. Further, Wróbel and
Bogdziewicz (2015) recently demonstrated that increased
cloud cover enhanced activity of yellow-necked mice
(Apodemus flavicollis), but this effect tended to be weaker
during the full moon. Therefore, we recorded the percentage
of cloud cover to control for its possible effect. Traps were
checked every 10–12 h, i.e. at dawn and dusk, to minimise the
time that animals were kept.

Each captured individual was identified to species level
based on external morphology. Sex and reproductive status
of individuals were assessed following Gurnell and
Flowerdew (2006). Sex was determined using the anal-
genital distance, which is longer in males than in females. In
the same way, reproductively active females were classified
on the basis of the presence of nipples and perforated vaginal
membranes, whereas reproductive active males were identi-
fied due to the increased size of their testicles that usually
descended into the scrotal sac. Body weight was measured
employing a 100-g hand-held scale (PESNET, 100 g) and
individuals were classified into age classes according to their
body weight as previously described by Lewis (1968): juve-
niles (< 13 g), subadults (13–20 g) and adults (≥ 20 g).
However, only adults and subadults (i.e. weighing > 13 g)
were included in this study, as the number of juveniles cap-
tured was insufficient for comparative analyses. All captured

animals were marked on specific body areas (paws, inner ear
area, tail) with harmless waterproof paints (Marking stick
DFV, www.divasa-farmavic.com) to identify possible
recaptures in each phase and avoid pseudoreplication. All
captured animals were immediately released at the same
place of capture.

Simulation of different degrees of predation risk
by faecal odour

To simulate different degrees of predation risk, we used red-
fox faecal odour, one of the main predators of wood mice
(Serafini and Lovari 1993; Padial et al. 2002), and because
of the well-demonstrated effectiveness of fox faeces to trigger
antipredatory responses in small mammals (Dickman and
Doncaster 1984; Navarro-Castilla and Barja 2014a, b). Thus,
we collected fresh faeces from a semi captive couple of red
foxes (one male and one female) from the Cañada Real
Opennature Center (Peralejo, Madrid, Spain). Samples were
considered fresh on the characteristics previously defined by
Liu et al. (2006) (i.e. those which presented a layer of mucus, a
high level of hydration and strong odour). These foxes had a
carnivorous diet throughout the experiment similar to what
they eat in the wild. Collected faeces were frozen at − 20 °C
until used in the experiments to avoid the degradation of vol-
atile compounds (Martín et al. 2010).

All red-fox collected faeces were thawed and homogenised
for 1 h and a half.

During the experiment, different degrees of predation risk
by red fox were simulated by mixing faecal material with soil
and water in three different concentrations, one for each plot:
low-concentration plot (10% of faecal material), medium-
concentration plot (50% of faecal material) and high-
concentration plot (100% of faecal material). Additionally,
for the control odourless plot (0% of faecal material), only a
mix of soil and water was prepared. Specific composition of
faecal treatments were the following: control (1000 g of soil
from the study area and 250mL of distillate water), low (100 g
of faeces, 900 g of soil from the study area and 250 mL of
distillate water), medium (500 g of faeces, 500 g of soil from
the study area and 250 mL of distillate water) and high con-
centration plot (1000 g of faeces and 250 mL of distillate
water). Final faecal material was similar in shape and texture
to actual faeces in nature in order to avoid a possible bias due
to visual cues.

Mice faeces collection and quantification of faecal
corticosterone metabolites

Measuring faecal glucocorticoid levels is a powerful noninva-
sive method to assess the physiological response to stress in
wild animals (Möstl and Palme 2002; Touma and Palme 2005;
Sheriff et al. 2011; Barja et al. 2012). Fresh faeces from
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captured mice were collected from traps each day at sunrise,
avoiding the possible influence of circadian rhythms in excre-
tion patterns (Touma et al. 2003), and therefore, in faecal
corticosterone measurements. A recent study revealed that
woodmice were trapped on average 5–7 h after trap activation
at dusk (Navarro-Castilla et al. 2017a); thus, we assumed that
trapping was not likely influencing the physiological stress
response since captured mice spent similar times inside traps.
Only faeces without presence of urine were sampled to avoid
potential cross-contamination effects in our results. Faeces
were stored at − 20 °C until being processed.

FCM extraction was done following the modified method
of Touma et al. (2003). Faeces were dried in a heater (90 °C,
3 h) and then 0.05 g were weighed and mixed with 500 μl of
80% methanol and 500 μl of phosphate buffer. Then, samples
were vortexed by hand for 15 s and in a multivortex for 16 h,
followed by 15 min of centrifugation (2500g). The quantifi-
cation of FCM levels was done with a commercial corticoste-
rone enzyme immunoassay (DEMEDITEC Diagnostics
GmbH, D-24145 Kiel, Germany) previously used in this and
other rodent species (Navarro-Castilla et al. 2017a, b). The
cross-reactivity of the antibodies with other substances ac-
cord ing to the manufac tu re r was 2 .4% for 11-
deoxycorticosterone, while cross-reactivity was less than 1%
with any other substance (aldosterone, cortisol, progesterone).
Since validation of the enzyme immunoassay (parallelism,
accuracy and precision tests) is needed (Goymann et al.
1999; Young et al. 2004), we carried out parallelism test with
serial dilutions of faecal extracts (1:32, 1:16, 1:8, 1:4, 1:2, 1:1)
which resulted in a curve parallel to the one created with the
standards provided in the kit. Accuracy (recovery) was 118.6
± 31.7% (n = 6). The intra- and inter-assay coefficients of var-
iation for three biological samples were 4.7% (n = 6) and 8.2%
(n = 3), respectively. In each assay, we used a standard, whose
corticosterone metabolite concentration was known. FCM
levels are calculated as nanograms per gram dry faeces.

Biological validation carried out by Navarro-Castilla et al.
(2017a) has confirmed the suitability of the enzyme immuno-
assay for analysing faecal corticosterone metabolites in wood
mouse faecal samples.

Statistical analysis

Both behavioural and physiological stress responses were
analysed by Generalized Linear Mixed Models (GLMMs).
Behavioural response was analysed using capture frequency
as response variable in a model with Poisson error distribu-
tion. Explanatory variables included in the model were the
following: phase (0/1/2), plot (control/low/medium/high),
sex (male/female), reproductive status (active/non-active),
cloud cover (%) and the interactions phase × plot, reproduc-
tive status × sex, phase × reproductive status, plot × reproduc-
tive status, sex × plot and sex × phase. Regarding the

physiological stress response, since weight of individuals
has been shown to have a significant influence on FCM in
this rodent species (Navarro-Castilla et al. 2014b), we previ-
ously corrected FCM by dividing it by the weight of individ-
uals (g) to avoid any possible influence. Later, we used a
model with Gaussian error distribution to analyse the concen-
tration of FCM (ng/g). For both cases, the explanatory vari-
ables were phase (0/1/2), plot (control/low/medium/high), sex
(male/female), reproductive status (active/non-active), cloud
cover (%) and the interactions phase × plot, reproductive sta-
tus × sex, phase × reproductive status and plot × reproductive
status. In both models, the potential temporal effect due to the
consecutive sampling was controlled by including day as a
random factor in the analyses. Assumptions of error distribu-
tion and homoscedasticity were checked in the residuals.

We used likelihood ratio tests to estimate the p value of the
explanatory variables in the models. We used α < 0.05 as the
criterion level for significance. Statistical data analyses were
done in R 3.3.3 software (R Core Team 2017), using libraries
lme4 (Bates et al. 2015) for GLMM, and afex (Singmann et al.
2017) for obtaining the p values of explanatory variables.

Results

Behavioural response

During the present study, 156 different individuals were cap-
tured (Table 1). Among the experimental phases, a decrease in
the overall numbers of captured mice was observed, with the
exception of reproductively active males that were captured in
similar numbers throughout (Table 1). Results of the GLMM
analysis for capture frequency showed significant effects of
plot, reproductive status and the interaction of reproductive
status and sex (Table 2). Looking closer at the effects of the
different levels of each analysed factor (supplementary
material, Table S1), males were captured less often than fe-
males (β = − 1.298 ± 0.458, p = 0.005). Moreover, reproduc-
tively active animals were also captured less often than non-
reproductive individuals (β = − 0.722 ± 0.422, p = 0.087), al-
though more reproductively active males were captured than
reproductively active females (β = 0.968 ± 0.379, p = 0.011).
Captures were higher in the highest concentration plot
(Fig. 1); however, reproductively active mice significantly
avoided traps from the medium and high plots (βMedium plot =
− 1.167 ± 0.530, p = 0.028; β

High plot
= − 1.114 ± 0.475, p =

0.019) (Fig. 1, dark area).

Physiological response

The results of the GLMM are shown in Table 3 and Table S2
in supplementary material. Factors which most contributed to
the stress response were sex and reproductive status, although
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some differences between plots and the interaction of plot and
treatment phase could also be detected. Thus, although in
control plot basal FCM levels were greater than in the rest of
plots (βLow plot = − 0.751 ± 0.286, p = 0.010; βMedium plot = −
0.789 ± 0.245, p = 0.002; βHigh plot = − 0.938 ± 0.219,
p < 0.001), during phase 1, a significant rise of FCM levels
in mice captured in plots with predator odour was detected,
increasing with the increase of predator faecal odour concen-
tration (βLow plot = 0.799 ± 0.402, p = 0.049; βMedium plot =
0.960 ± 0.344, p = 0.006; βHigh plot = 0.861 ± 0.325, p =
0.009) (Fig. 2). Additionally, reproductively active individuals
showed a significant increase in stress levels during both
phase 1, with renewal of predator faecal odour (β = 0.707 ±
0.258, p = 0.007), and phase 2, without the replenishment
(β = 0.696 ± 0.334, p = 0.039) (Fig. 3).

Discussion

Behavioural response

In accordance with the threat-sensitive predator avoidance hy-
pothesis (Helfman 1989), our study showed evidence that
wood mice are able to display a distinctive behavioural re-
sponse after exposure to different faecal odour concentrations

of red fox. This result is also in accordance with other studies
where prey species were able to discriminate among different
concentrations of chemical predator cues by adjusting the in-
tensity of their responses to match the predation risk perceived
(Kusch et al. 2004; Hegab et al. 2014c).

Overall, captures were influenced by sex and reproductive
status. Specifically, we found a risk avoidance pattern in re-
productive individuals, both males and females, in the plots
with medium and high concentrations of predator faecal
odour. This is an interesting result, as during the breeding
season animals require more resources than in other times of
the year (Gittleman and Thompson 1988; Speakman 2008;
Dantzer et al. 2010). This implies that they tend to increase
foraging to maximise the input of resource to reproduction,
even if it means increased exposure to predators. Further,
males usually have high testosterone levels during the breed-
ing season so they are expected to have higher risk-taking
behaviours. Additionally, males with elevated testosterone al-
so tend to exhibit greater space use and higher copulation
frequency, all of which may have reduced the probability of
being captured more often. Our results suggest that reproduc-
tively active individuals could be more careful under risky
situations to ensure survival for mating in the case of males,
while females have to bring up their offspring. In both cases,
they must balance obtaining food with the risk of predation.
Our results pointed out that when the concentration exceeds
the acceptable limit, from 50% of faecal odour in this case, and
the trade-off between costs and benefits is unbalanced, wood
mice avoid taking risk in order to prioritise breeding and mat-
ing and ensure offspring’s success (Montgomery et al. 1991).

Sex was also an important factor influencing risk-taking
behaviour and males were less likely to be captured than fe-
males. There might be two potential explanations for this re-
sult. Our capture rates may reflect the composition of the
population, which could contain more females than males,
then making males less probable to be captured.
Alternatively, this result could be also explained by the higher
reliance of females on energy resources (Montgomery et al.
1991; Penn and Smith 2007), and thus they could be prone to
take more risks than males to obtain the food placed inside the
traps during the experiment. In any case, we did not find
different predator avoidance strategies specifically related to

Table 1 Distribution of the
number of captures of wood mice
among sex, reproductive status
and phase

Number of total individuals captured (N = 156)

Males (N = 68) Females (N = 88)

Non-reproductively
active

Reproductively
active

Non-reproductively
active

Reproductively
active

Phase 0 21 (13.46%) 10 (6.41%) 34 (21.79%) 10 (6.41%)

Phase 1 11 (7.05%) 13 (8.33%) 20 (12.82%) 7 (4.49%)

Phase 2 4 (2.56%) 9 (5.77%) 14 (8.97%) 3 (1.92%)

Table 2 GLMM of the number of captures of wood mice: significant
values of explanatory variables estimated by LRT

Effect df χ2 p value

Phase 2 0.82 0.664

Plot 3 15.35 0.002

Reproductive status 1 13.24 0.000

Sex 1 2.32 0.128

Cloud cover 1 0.15 0.701

Phase/plot 6 2.72 0.843

Reproductive status/sex 1 6.53 0.011

Phase/reproductive status 2 3.12 0.210

Plot/reproductive status 3 7.25 0.064

Phase/sex 2 0.32 0.852

Plot/sex 3 4.63 0.201
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the sex of individuals. However, reproductive status could
inversely influence this response, since reproductively active
males were trapped more than reproductively active females.
This type of response appears to be related to the fitness costs
involved during reproduction in each sex. While males’ in-
vestment is usually limited to fecundation, females have to
ensure the protection of the offspring (Penn and Smith
2007). This essential task of females entails biological costs
(e.g. increase mothers’ mortality) which have to be solved
without taking more risks than necessary.

Physiological response

The threat-sensitive predator avoidance hypothesis (Helfman
1989) was also corroborated by the physiological results ob-
served. Significant differences found in FCM levels were ex-
plained by plot and interaction between plot and treatment
phase, in addition to sex and reproductive status of mice.
Basal FCM concentrations were higher in the control plot than

in the rest of the plots, which may be because of some intrinsic
factors (e.g. animal transit). However, during phase 1, wood
mice exhibited a significant rise of FCM in low-, medium- and
high-concentration plots where the predator faecal odour was
placed. This antipredatory response due to predation risk has
been already found in previous studies performed in different
species of mammals (Boonstra et al. 1998; Eilam et al. 1999;
Monclús et al. 2006). More interestingly, hormonal secretion
increased with increasing concentration of the faecal odour.
Our results showed that mice are able to discriminate among at
least three different situations of predation risk (no risk, low
risk and medium-high risk), setting the threshold for the anti-
predator response activation when the concentration reaches
10% and modulating the intensity of this response between
low and medium-high risk situations. A positive correlation
between the strength of physiological stress response and the
concentration of the chemical cue of a predator has been found
previously in Brandt’s voles (Lasiopodomys brandtii) (Hegab
et al. 2014c). According to these studies, the prey could eval-
uate chemical cues left by predators triggering the hormonal
response only when the perceived signal overcomes a thresh-
old, as posed by the signal detection theory (Forward et al.
2003; Dupuch et al. 2004). Signal detection theory and threat-
sensitive predator avoidance hypotheses complement each
other; whilst the first one explains how a prey can set a thresh-
old level of response, the latter analyses the modulation of this
response considering different levels of predation risk per-
ceived. Furthermore, woodmice physiological stress response
during phase 2 was not as strong as during phase 1, which
could be likely explained by the decreased intensity of preda-
tor faecal cues over time due to the degradation of volatile
compounds and the loss of sulphurous metabolites by evapo-
ration (Sullivan and Sullivan 1982). Thus, decreased volatile
compound concentrations could indicate that a predator is

Fig. 1 Number of reproductively
active and non-reproductively
active mice captured in each plot
during each treatment phase

Table 3 GLMM of the stress level of wood mice: significant values of
explanatory variables estimated by LRT

Effect df χ2 p value

Phase 2 4.51 0.100

Plot 3 5.80 0.120

Reproductive status 1 0.22 0.640

Sex 1 9.43 0.002

Cloud cover 1 0.02 0.900

Phase/plot 6 2.13 0.910

Reproductive status/sex 1 10.23 0.001

Phase/reproductive status 2 2.43 0.300

Plot/reproductive status 3 5.08 0.170
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neither present nor close, and therefore, this would be per-
ceived by the prey as a less risky situation.

The higher stress hormone levels found in reproduc-
tively active individuals in both phases 1 and 2 showed
that reproductive status has also a huge influence on the
physiological stress response. This result is consistent
with other works (Dantzer et al. 2010; Navarro-Castilla
et al. 2014a) and supports the important role of glucocor-
ticoids during the reproductive season likely due to preg-
nancy and lactation in females (Tataranni et al. 1996) as
well as the social interaction and competition between
males (Navarro-Castilla et al. 2014a). In addition, despite
the degradation of faecal volatile compounds over time,
reproductively active individuals still showed significant-
ly higher FCM levels during phase 2. Thus, the reproduc-
tive season could be considered as a critical period during
which individuals are more sensitive to predation cues.

In summary, we can conclude that wood mice under field
conditions seem to be able to discriminate among different
degrees of predation risk, modulating their behavioural and
physiological stress responses according to the specific situa-
tion. In addition, our results suggest that these antipredatory
and physiological responses seem to be modulated by individ-
ual factors, highlighting reproductive status. But further re-
search would be necessary to fully understand how individual
factors influence prey decision-making process and physio-
logical stress responses under predation risk.
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